International agreements combined with the recent Chilean Forestry Policy (2015-2035) represent a challenge and an opportunity for forest landscape restoration in Chile. Nevertheless, restoring over 500,000 ha using mainly native species seems like a daunting task by 2035. Here, we discuss the three major bottlenecks that currently constrain the restoration efforts of forest ecosystems in Chile. First, Chile urgently needs a national strategic plan for forest landscape restoration, which should take into account mid-and long-term goals. There is also a need to prioritize resource allocation for efficient use, promoting the creation of economic subsidies for restoration that consider different types of forest ecosystems. Second, there is a great need for better nursery protocols in plant production as well as to strengthen educational programs for professional and technical training, given the lack of high-quality personnel in Chilean nurseries. This would help increase the currently limited national plant supply, improving quality and increasing the diversity of native species suitable for forest restoration. Lastly, taking advantage of novel eco-technological tools and promoting innovative plantation design would help to overcome the usually deficient results in the establishment phase, leading to higher survival rates and promoting better performance of native species. Beyond current experiments that are relatively efficient on a small spatial scale, the practice of forest restoration needs to become massive and successful at a landscape scale. More and better applied research is crucial for improving the impact of forest landscape restoration, so that Chile can achieve its forest restoration challenge in the next decade.
Introduction
According to international agreements, Chile must restore 15% of its degraded ecosystems by the year 2020 (Aichi targets). Furthermore, Chile has committed to reforest at least 100,000 ha by the year 2030 using mainly native species (Paris Climate Agreement COP21, New York Declaration of Forests, Initiative 20×20). The new Chilean Forestry Policy (2015-2035) matches these international commitments, and goes even further, aiming at restoring 500,000 ha of degraded or fragmented ecosystems within priority areas (CONAF 2015) . These targets represent an enormous challenge for Chile in terms of governance, implementation, and long-term monitoring.
Forest restoration is especially challenging in regions with an increasing rate of anthropogenic disturbances with uncertain synergies (Mandle et al. 2011) . A striking example of altered disturbance regimes involves changes in the frequency, severity, and seasonality of anthropogenic fires (e.g. south-central Chile; Ubeda & Sarricolea 2016) . During the summer of 2017, the worst catastrophic wildfires in the last 50 years occurred in south-central Chile, affecting nearly 600,000 ha (54.7% exotic plantations and 17.4% native forests, CONAF 2017). These fires greatly affected high biodiversity hotspot areas (Myers et al. 2000) and altered ecosystems with the highest rates of endemism in the country (Bannister et al. 2012) . After this massive catastrophe (both environmental and social), a deep discussion emerged in the country in terms of how to properly restore the large-scale burned areas. Moreover and as never seen before in Chile, the civilian society has shown great interest in topics related to forest landscape restoration, arguing that restoring the fire-affected areas will help to recover ecosystem goods and services for the country. However, a range of relevant questions arise: How will Chile do this? Does the country have the human and technological capacity to implement forest restoration plans at a broad scale? Finally, is there political willingness from the government and policy makers to allocate enough resources from the national budget for this purpose?
In this context, we analyze the state of the art of forest restoration in Chile, the main issues to overcome, and what would be Author contributions: all authors shared equally in planning and writing of the manuscript; JRB wrote the first draft and all other authors edited and refined the subsequent drafts. the pragmatic steps to accomplish these forest landscape restoration challenges. We focused on how to promote the implementation of forest restoration initiatives with native species in the different biogeographic regions of Chile at a broader landscape scale. Here, we summarize and discuss the three major technical bottlenecks that constrain forest landscape restoration in Chile, and provide insights on how to overcome them (Fig. 1) . We emphasize the discussion regarding active restoration (e.g. plantation of native tree species), since most of the available information and experiences in Chile use this approach.
The Current Scenario of Forest Restoration in Chile
Under the current scenario, the goal of restoring over 500,000 ha by the year 2035 seems impossible. Despite the fact that an Ecological Restoration Network was created in Chile in 2015 that included researchers, professionals, and restoration practitioners, forest restoration is still an emerging discipline in Chile (Smith-Ramírez et al. 2015; Bannister et al. 2016) . To the best of our knowledge, there is no comprehensive information regarding how much land has been restored to date in Chile. A recent review by Smith-Ramírez et al. (2015) reported that there have been circa 60 restoration experiences across different types of vegetation in Chile. Most of these efforts are small-scale experiences (i.e. <1 ha), with very few initiatives encompassing large areas (i.e. >100 ha) (Smith-Ramírez et al. 2015) . More constraining is the fact that most forest restoration experiments in Chile are often maintained and monitored only for a short-term period, mainly due to the short span of research grants (2-4 years).
According to official data, in Chile between 1998 and 2015, 8,032 ha of plantations were established with native species, an average of 472 ha per year (CONAF 2016a) . Not all plantations have been designed with the goal of restoring degraded lands. For example, several regions have been planted for commercial timber production. Nevertheless, most forest restoration experiences in Chile are based on active approaches. In this context, the plantation rate with native tree species between 1998 and 2015 (17 years) allows an understanding about the country's current operational capacity to actively restore degraded forests with native species. The most planted tree species during this period were Prosopis chilensis (1,565 ha), Quillaja saponaria (1,474 ha), Nothofagus dombeyi (1,020 ha), and Araucaria araucana (979 ha). Considering this plantation rate, Chile would need over 1,000 years to achieve the national target of restoring 500,000 ha by 2035. In contrast, within the same period (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , circa 1.8 million hectare of exotic plantations were established nationwide (CONAF 2016a) . This pattern of planting more exotic than native tree species is also found in a number of other countries, including China (Xu 2011) , South Korea (Temperton et al. 2014 ), Brazil (FRA 2015a , and Argentina (FRA 2015b). In Chile, since 1974, the increasing plantation rate using exotic species was facilitated by the application of a subsidy for forest companies, which provided up to 75% of forestation costs. This phenomenon greatly helped to stimulate the industrial forest sector in Chile, becoming the second largest national export (INFOR 2016), contributing about 2.6% to total GDP (Salas et al. 2016) . A controversial issue has emerged from the rapid expansion of industrial plantation using exotic species, which is related to the conversion of native forests to exotic plantations (Zamorano-Elgueta et al. 2015; Miranda et al. 2017) . Nowadays, in order to maintain the FSC (Forest Stewardship Council) certification, forest companies have to convert over 45,000 ha of exotic plantations to native forests (Prado 2015) . This challenge also represents an enormous opportunity for forest landscape restoration in Chile.
Bottlenecks for Forest Restoration in Chile Lack of a National Plan for Forest Landscape Restoration
Chile has the urgent need for a national long-term strategic plan for forest landscape restoration. Currently, forest restoration strategies have been carried out independently between forest companies, government agencies, and research groups (Hernán-dez et al. 2012; Smith-Ramírez et al. 2015; Bannister et al. 2016) . Furthermore, intense discussions after the catastrophic wildfires of 2017 brought to light the lack of a well-defined strategic plan for forest landscape restoration.
Restoration of forest landscapes should be an option in both public and private sectors, since degradation occurs on both types of land. Therefore, a strategic plan should include a wide range of restoration options (Stanturf et al. 2017) , explicitly considering mid-and long-term objectives (i.e. 5-20 years), with the aim of creating more functional landscapes and reducing the negative impacts of monocultures on biodiversity and society (Brockerhoff et al. 2008; Andersson et al. 2016) . Secondly, different actors and stakeholders must collaborate together to prioritize ecosystems and regions for adequate resource allocation into restoration plans (Menz et al. 2013) . For instance, the most likely outcome from passive restoration (e.g. natural regeneration) should be considered before even thinking about actively restoring or planting a given area (Holl & Aide 2011) . Also, the identification of areas where multiple functions operate at different scales (Schulz & Schröder 2017) , would help to prioritize forest restoration within hotspots of high value for biodiversity conservation, resulting in real, practical solutions for forest restoration (Bannister et al. 2016 ). The Brazilian Atlantic Forest Restoration Pact (Brancalion et al. 2013; Pinto et al. 2014 ) represents a good example of well-organized forest restoration on a large scale. Thirdly, considering the extremely low plantation rates with native species, the national strategic plan should strongly encourage higher economic subsidies to land owners willing to restore. This should be similar to what was applied in the 1970s for mainly exotic plantations, but with a strong focus on forest restoration with native species suitable for each ecosystem type.
Finally, to overcome these restoration challenges in Chile, the proposed national strategic plan should move forest restoration forward, from theoretical models and small-scale experiments, to large-scale operations aimed at restoring the entire landscape (Holl et al. 2003) . Up scaling from plot-based experiments to landscape-scale programs has proven to be difficult worldwide. However, identifying key focal regions, increasing research to fill up knowledge gaps, creating active restoration networking with key actors and stakeholders, and ensuring political viability are all mechanisms that can help achieve Chile's forest restoration goals (Menz et al. 2013 ).
Poor Quality and Low Supply of Native Plant Species
A significant increase in the supply, diversity, and quality of native plant species in local nurseries is urgently needed. According to CONAF (2016b), Chilean nurseries could supply a total of circa 10 million seedlings of 87 different native tree species. This situation heavily contrasts with the supply of almost 70 million seedlings of the exotics Pinus radiata and Eucalyptus spp. available for industrial purposes (CONAF 2016b) . Besides the low number of native seedlings, their quality is generally poor. In fact, if only seedlings with a "minimum planting quality" are considered (equivalent to one-season bare root and speedling seedlings with a maximum height of 80 cm), the total supply of native seedlings would drastically decrease to less than 3.4 million (CONAF 2016b). Thus, to achieve the forest landscape restoration challenges for Chile within the next few decades, there is a need for at least 250 million native seedlings (considering at least 500 seedlings per hectare). It is recognized that the lack of a sufficient supply of diverse and good-quality seedlings is a critical problem for forest restoration programs worldwide (Haase & Davis 2017; Jalonen et al. 2017) . However, good progress has been made to counter this situation (Moreira da Silva et al. 2017) .
There is a well-documented positive relationship between seedling quality and successful restoration for numerous tree species (Villar-Salvador et al. 2012; Oliet et al. 2013; Ovalle et al. 2016) . For better seedling quality, native plant producers in Chile need a technological leap to improve and update their production protocols, infrastructure, and materials in their nurseries. Currently, there is only one Chilean norm (although relatively general and voluntary, INN 2006) regarding seedling quality that establishes standards for genetic, physiological, and morphological quality for the main exotic tree species in Chile (Pinus radiata, Eucalyptus globulus, Eucalyptus nitens, and Pseudotsuga menziesii). Only one native tree species (Nothofagus alpina) is included in the norm. Despite the fact that the Chilean Forest Research Institute (INFOR) and a number of Chilean universities have developed nursery protocols for better production of native species (Santelices et al. 2011; García 2014; Donoso et al. 2015) , there is no official, regulatory implementation of these protocols. For instance, better standards for plant production should be site-specific, taking into account the wide range of biogeographic regions of the country.
In this context, applying the target plant concept (Dumroese et al. 2016) in Chile could provide a more flexible framework that would benefit nursery managers and their customers by improving the survival and growth rates of native seedlings. This concept emphasizes field performance of tree seedlings, rather than performance in nursery conditions. Thus, promoting a partnership between nurseries and their customers in determining the target plant that is needed based on site characteristics, would significantly contribute to better results for forest restoration (Dumroese et al. 2016) . We underline our belief that the creation of more plant nurseries and the strengthening of educational programs to train high-quality nursery personnel (e.g. managers and technicians) is an urgent need. The Chilean Forest Service (CONAF) and INFOR have an important role to play in promoting the production of high-quality seedlings and increasing the plant supply to accomplish the forest landscape restoration challenges previously described. These changes would help to more accurately inform nursery managers about the amount of seedlings that are needed in a realistic timeframe, allowing managers to plan accordingly to meet the increasing demand. 
Restoration Ecology
(A) (B) (C) (D) (E) (F)
Poor Results in the Establishment Phase
In Chile, there is increasing evidence showing that by manipulating key environmental and microsite factors, survival rate and early performance of native species can be significantly improved (Soto et al. 2015; Valenzuela et al. 2016; Soto et al. 2017) . The use of eco-technological tools such as tree shelters, fertilizers, organic amendments, and polymer hydrogels following site preparation are common forest restoration practices that help to diminish the early stress of seedlings, reducing browsing and increasing plant growth (Piñeiro et al. 2013 ). These eco-technologies mimic some key attributes from natural ecosystems and enhance microclimatic conditions by reducing the effect of solar radiation or water stress (Vallejo et al. 2012 , Fig. 2 ).
Preliminary results of forest restoration initiatives in central and south-central Chile (33-36 ∘ S) highlight the importance of using shelter tubes for drought-resistant species like Quillaja saponaria, since they effectively control the excessive solar radiation during the first summer season after outplanting (Arellano, unpublished data). Likewise, a significant increase in seedling survival from 25 to 90% was reported for Nothofagus obliqua, Laurelia phillipiana, and Aextoxicon punctatum when seedlings were protected with mesh guards upon plantation (INFOR, unpublished data). In northern Patagonia (43 ∘ S), planted seedlings of the native conifer Pilgerodendron uviferum showed 200% higher growth when seedlings were established underneath a nurse canopy (Bannister 2015) . Also in northern Patagonia, the use of tree shelters had a positive effect in reducing browsing by Nothofagus antarctica seedlings established in canopy gaps within degraded forests (Promis, unpublished data) (Fig. 2) .
All the above-presented evidence suggests the urgent need for novel plantation designs (e.g. nonhomogeneous, group planting, underneath nurse canopies) to promote successful results (e.g. increased survival and growth rates) when carrying out forest restoration at broader landscape scales. A promising approach for the increase of species diversity in degraded forests is planting native tree species in groups that complement natural regeneration (Rey Benayas et al. 2008; Bannister et al. 2016; Saha et al. 2016) . This approach mimics the natural pattern of several tree species and has positive long-term effects at landscape scales (Bannister 2015). In south-central Chile (38 ∘ S), a group of trials including shade-intolerant Nothofagus species and Proteaceae species were established to evaluate seedling performance under two planting treatments: regular row planting vs. group planting. After one growing season, the survival rate for both species significantly increased from 45% in rows to 65% in groups (Llanquilef 2017) .
How to Begin to Overcome These Three Bottlenecks?
In light of the evidence presented in this article, there is a need for more systematized, long-term, and applied research about forest restoration. This will transversely help to overcome (at least in part) the lack of a plan for forest landscape restoration in the country, the poor quality and low supply of native plant species in Chilean nurseries, and the poor results by forest restoration initiatives in Chile. The importance of efficiently utilizing available resources when restoring big landscapes makes it necessary to properly systematize the few restoration initiatives available in the country. In this sense, forest restoration experiments implemented at broader spatiotemporal scales should be encouraged and better funded, due to their valuable contribution for assessing critical phases of plant establishment. This will be also helpful for translating theoretical concepts into practical solutions, and therefore, better informed policy makers (Bannister et al. 2016 ). Promoting similar experiments in different ecosystems can be also useful for identifying general patterns, which in turn increases research applicability. Beyond experiments, forest restoration should be efficient to become extensive and successful.
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